Although histological grade and muscular invasion are related to the malignant behaviors of endometrial endometrioid carcinoma, lymphatic and/or distant metastases are unexpectedly encountered, even in patients in the low-risk group. To re-evaluate additional reliable parameters to predict the risk of progression, we examined the immunohistochemical expression profiles of p53 and estrogen receptor (ER) β proteins. Patients with endometrial endometrioid carcinoma who underwent surgical treatment at our hospital (n = 154) were recruited to this study, and the significance of the relationships between the incidence of regional lymph node metastasis and/or postoperative recurrence and clinical or experimental parameters was evaluated. By multivariate analysis, we found that histological grades, detection of immunoreactive p53 (positive rates more than 10%, p53-stained), and high expression of ERβ (high-ERβ) were independently associated with metastasis and/or recurrence. Among these parameters, the sensitivity and negative predictive values of high-ERβ were very high (up to 100%). In the population with high-ERβ, the positive rates of metastasis and/or recurrence were 61.1% in the p53-stained group and 21.9% in the p53-nonstained (negative) group. Furthermore, the positive rate in the group showing myometrial invasion of more than 1/2 and showing both p53-stained and high-ERβ was 80%. The disease-free survival of patients who were double-positive for p53-stained and high-ERβ was significantly shorter than that in other patients. In summary, our findings showed that increases in ERβ and p53 immunoreactivity were significantly correlated with the incidence of metastasis and/or recurrence in endometrial endometrioid carcinoma, suggesting that double-positivity for p53-stained and high-ERβ may provide a promising clinical indicator to predict the risk of progression.
Introduction subjected to immunohistochemical examination. Fresh tumor tissues from each specimen were frozen and stored at -80˚C until use in DNA analysis. Neither chemotherapy nor irradiation therapy was performed prior to primary surgery. Patients who were diagnosed with endometrioid carcinoma on postoperative pathological assessment were recruited to this study. The surgical stage was determined in accordance with the International Federation of Gynecology and Obstetrics (FIGO) staging. Standard surgical procedures for endometrial cancers included hysterectomy and bilateral salpingo-oophorectomy with retroperitoneal lymphadenectomy. Patients with cervical involvement underwent radical hysterectomy and bilateral salpingooophorectomy with retroperitoneal lymphadenectomy. Combination chemotherapy or irradiation therapy as postoperative adjuvant treatment was performed for all patients except for those with stage IA and histological grade 1 or 2 (G1 or G2) disease. Clinicopathological information and survival data were extracted from the medical records of each patient. Written informed consent was obtained from each patient. This study and the use of human tissue specimens were approved by the Ethics Committee of the Kanazawa University Graduate School of Medicine.
Immunohistochemistry
Tissue localization of ERβ and p53 protein was immunohistochemically determined by the avidin-biotin-peroxidase complex (VECTASTAIN ABC Kit; Vector Laboratories, Burlingame, CA, USA) method using formalin-fixed and paraffin-embedded sections, as reported previously [24] . Briefly, sections of representative blocks from each patient were deparaffinized in xylene and rehydrated in ethanol, and antigen retrieval was subsequently performed in 0.01 M citrate buffer (pH 6.0). The slides were immersed in 3% hydrogen peroxide for 10 min to block endogenous peroxidase activity and then washed in 0.05 M phosphate-buffered saline (PBS, pH 7.4). The slides were incubated with primary rabbit monoclonal antibodies against p53 protein (clone: SP5; Thermo Fisher Scientific, Runcorn, UK) at a dilution of 1:100 for 30 min at room temperature and mouse monoclonal antibodies against ERβ (clone: PPG5/10; BioRad Laboratories, Hercules, CA, USA) at a dilution of 1:50 overnight at 4˚C in a humidified chamber. After washing, the sections were incubated for 30 min with biotin-labeled goat antirabbit IgG for p53 and horse anti-mouse IgG for ERβ at room temperature. Consequently, sections were treated with the avidin-biotin complex at room temperature. Sites of peroxidase activity were visualized with diaminobenzidine (Liquid DAB+ Substrate Chromogen System; Dako, Carpinteria, CA, USA), and the sections were then counterstained with hematoxylin.
The expression profile of p53 was evaluated by estimating the proportion of nuclear staining of tumor cells, as described previously [25] . Cases in which nuclear staining was observed in at least 10% of cancer cells were classified as a p53-stained group. Immunohistochemical staining for ERβ was evaluated based on the percentage of nuclear staining and the intensity of staining in tumor cells, as previously reported [26] . Specifically, the cases were grouped into low expression of ERβ protein (low-ERβ, weak nuclear staining intensity or less than 50% of cancer cells with nuclear staining) or high expression of ERβ protein (high-ERβ, moderate/ strong nuclear staining intensity and more than 50% of cancer cells with nuclear staining).
DNA analysis of TP53 mutations
DNA was extracted from frozen tumor samples for TP53 mutation screening using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Following DNA extraction, the samples were evaluated for mutations in exons 5-8 of the TP53 gene because almost all TP53 gene mutations in various cancers have been found in these exons [27] . Isolated genomic DNA was amplified by polymerase chain reaction (PCR) using the primer pairs 5 0 -TGTTCACTTGTGCCCTGACT-3 0 and 5 0 -CAGCCCTGTCGTCTCTCCAG- 
Statistical analysis
To analyze progressive factors, chi-squared tests were performed for univariate analysis, and regression analysis was performed for multivariate analysis (IBM SPSS Statistics version 23). Disease-free survival among the 4 groups with p53-/ERβ low, p53+/ERβ low, p53-/ERβ high, and p53+/ERβ high expression was analyzed by the Kaplan-Meier method.
Results

Clinical and pathological characteristics
The clinicopathological features of all patients are shown in Table 1 (Table 2) . Two (1.3%) of the patients with FIGO stage IIIC and histological grade 3 (G3) disease who showed myometrial invasion of at least 1/2 died of tumor progression. Regional lymph node metastasis and/or postoperative disease recurrence were observed in 8.3% (8/96) of patients with histological grade 1 disease and in 30.6% (11/36) and 45.5% (10/22) of patients with grades 2 and 3 disease, respectively. The pathological data showed that histological grade 2/3, deep myometrial invasion (! 1/2), lymph-vascular space invasion (LVSI), detection of immunoreactive p53 (p53-stained), and high-ERβ were significantly correlated with the incidences of regional lymph node metastasis and/or postoperative recurrence by univariate analysis of metastatic factors (Table 3) .
We then conducted multivariate analysis and selected three significant independent metastatic factors: histological grade (G1 versus G2+G3), expression of immunoreactive p53 protein (stained versus non-stained (negative)), and expression of immunoreactive ERβ protein (high versus low; Table 3 ).
Relationship between immunohistochemical detection of p53 protein and the incidence of regional lymph node metastasis and/or recurrence Patients showing p53-stained had a significantly increased incidence of metastatic and/or recurrent disease than those with negative staining. In particular, among patients with histological grade G1 or G2, the p53-stained was associated with an increased incidence of metastatic and/or recurrent disease (p53 negative: 5/ 95 [5.3%], p53-stained: 14/37 [37.8%], p < 0.01); however, no differences were observed in patients with histological grade G3 disease (p53 negative: 2/7 [28.6%], p53-stained: 8/15 [53.3%], p = 0.27).
The sensitivity and specificity of the p53-stained for regional lymph node metastasis and/or postoperative recurrence were 75.9% (22/29) and 76.0% (95/125), respectively, whereas the positive and negative predictive values were 42.3% (22/52) and 93.1% (95/102), respectively (Table 4) .
Relationship between TP53 gene mutations and the incidence of regional lymph node metastasis and/or recurrence Next, we examined mutations in the TP53 gene, which can affect the immunohistochemical detection of p53 protein. Among the 52 cases of p53-stained, we could not perform genetic analysis in 12 cases due to a lack of adequate tissue samples. Consequently, genetic analysis by direct sequencing of PCR products after electrophoresis was performed using tissue specimens from 40 endometrioid carcinoma cases with p53-stained.
From this analysis, TP53 gene mutations were observed in 13 (32.5%) of 40 endometrioid carcinoma cases. All of the mutations confirmed by direct sequencing were missense point mutations (Fig 1) . Among them, the positive rates were 27.3% in G1 (3/11), 31.3% in G2 (5/ 16), and 38.5% in G3 (5/13), indicating that TP53 gene mutations were not significantly correlated with the histological grade in endometrioid carcinoma. In addition, there were no significant differences in the incidences of metastatic and/or recurrent disease between patients with and without TP53 gene mutation. Then, we further classified the percent positive ranges of p53 expression into 0-9% (n = 102), 10-19% (n = 22), 20-49% (n = 11), 50-79% (n = 9), and 80-100% (n = 10) and reevaluated the relationships among p53 expression profiles, p53 mutations, and clinical outcomes (Table 5) . High-positive groups (50-79 and 80-100%) showed high rates of p53 mutation (44.4 and 83.3%, respectively), while low-positive groups (10-19 and 20-49%) demonstrated low rates of p53 mutation (16.7 and 14.3%, respectively). On the other hand, the rates of regional lymph node metastasis and/or postoperative recurrence in the low-positive groups (10-19% group (36.4%) plus 20-49% group (45.5%), total (13/33, 39.4%)) were as high as those of the high-positive groups (50-79% group (55.6%) plus 80-100% group (40%), total (9/19, 47.4%)). Relationship between the expression intensity of immunoreactive ERβ and the incidence of regional lymph node metastasis and/or recurrence Among the population with high-ERβ, the positive rates of regional lymph node metastasis and/or postoperative recurrence were 61.1% in the p53-stained group and 21.9% in the p53-non-stained group (Table 4) . The positive rate in the p53-stained group was significantly higher than that in the other groups (Table 4) . When we added information on the depth of muscular invasion, the positive rate of the group showing myometrial invasion of at least 1/2 and showing both p53-stained and high-ERβ was 80% (Table 4) .
Kaplan-Meier survival analysis showed that disease-free survival in patients with p53-stained and high-ERβ (p53+/ERβhigh) was significantly shorter than that in other patient groups (Fig 3) . The disease-free survival of patients with p53-/ERβhigh was significantly shorter than that of patients with p53-/ERβlow and p53+/ ERβlow. Patients with p53+/ ERβhigh showed significantly shorter disease-free survival than those with p53-/ERβhigh. ERβ/p53 expression in endometrial endometrioid carcinoma
Discussion
In the present study, we showed that expression of immunoreactive ERβ and p53 proteins was associated with the incidence of regional lymph node metastasis and/or postoperative recurrence. To the best of our knowledge, this is the first report to demonstrate a positive correlation between the co-expression of ERβ with p53 protein and clinical outcomes in patients with endometrial endometrioid carcinoma.
Previous reports showed that positive immunostaining for p53 is associated with an increased risk of relapse in patients with low-risk stage I endometrioid endometrial carcinoma [28] . Moreover, p53 mutation is associated with a poor prognosis in patients with endometrial cancer [14, 29] . In accordance with these reports, we found that the positive rate of immunohistochemical staining of p53 protein was significantly higher in patients with regional lymph node metastasis and/or postoperative recurrence than in those without metastatic and/or recurrent disease. To confirm the correlation between the immunohistochemical expression of p53 protein and TP53 gene mutations, we analyzed the sequences of the established hot-spot areas of the TP53 gene in patients with p53-stained. However, unexpectedly, our analysis ERβ/p53 expression in endometrial endometrioid carcinoma confirmed genetic alterations in TP53 in only 30% of cases with p53-stained. In addition, there were no significant correlations between TP53 gene mutations and the incidence of regional lymph node metastasis and/or postoperative recurrence in our cases. Although the detection of accumulated immunoreactive p53 protein in cancer cells by immunohistochemical staining is an established method suggesting the dysfunction of p53 protein [30] , our present findings indicated that the observation of positive staining of immunoreactive p53 protein was clinically more effective than the detection of TP53 gene mutations. Theoretically, the accumulation of p53 protein in cancer cells can be explained by not only gene mutations but also dysregulation of the factors that mediate metabolic or functional cascades involving p53 protein [31] . To support this speculation, when we further classified the p53-stained group into a low-positive group (10-49%) and high-positive group (50-100%), the low-positive group had a low rate of TP53 gene mutation in spite of a high incidence rate of regional lymph node metastasis and/or postoperative recurrence ( Table 5 ). Considering that the rate of metastasis of the negative group (0-9%) was low (6.9%), these findings suggest that low-positive populations (10-49%) can be classified as a novel high-risk group based on a different perspective from TP53 gene mutation. Further investigation of these associated factors is necessary to understand the clinical significance of the positive expression of p53 protein in patients with uterine endometrioid carcinoma with poor prognoses. Importantly, in this study, despite the significance of p53 protein, approximately 25% of cases with regional lymph node metastasis and/or recurrent disease did not express immunoreactive p53 protein. Considering that TP53 gene mutant tumors also show the null phenotype of immunoreactive p53 expression, it should be noted that the immunohistochemical detection of p53 protein alone may not be sufficient to predict the risk of regional lymph node metastasis and/or postoperative recurrence.
The differentiation of human endometrium is mainly regulated by estrogen and progesterone [32] . Estrogen can act on the endometrium through two main ER isoforms, ERα and ERβ. ERβ/p53 expression in endometrial endometrioid carcinoma Although ERβ has been suggested to coordinately play an important role in maintaining the normal function of the endometrium together with ERα, the precise physiological roles of ERβ in endometrial function remain unclear [33] . Similarly, the possible involvement of ERβ in the carcinogenesis of endometrial carcinoma is still being debated [5, 7, 34] . Recently, an abnormal balance between the two ER subtypes was suggested to be involved in carcinogenesis, tumor invasion, and poor clinical outcomes in patients with gynecologic malignant tumors [8, 35] . Additionally, the expression of ERβ protein was reported to be higher in endometrial endometrioid carcinoma than in the normal endometrium [5, 7] . Furthermore, a high ERβ/ ERα expression ratio was observed in metastatic lesions and was found to be associated with a poor prognosis [36] . Based on the assessment criteria reported by Konstantinopoulos et al. [26] , our study showed that high expression of ERβ was significantly correlated with the incidence of regional lymph node metastasis and/or postoperative recurrence. Notably, more than 80% of patients included in this study developed endometrioid carcinoma after menopause, suggesting that estrogen may not play an important role in the progression of endometrioid carcinoma. Consequently, the possible presence of an estrogen-independent function of ERβ or other intranuclear proteins with similar immunoreactivity as ERβ protein may explain this association between ERβ expression and clinical progression.
Standard operating procedures for the surgical treatment of endometrial cancer include abdominal or laparoscopic hysterectomy and bilateral salpingo-oophorectomy with or without pelvic and para-aortic lymphadenectomy. Because the optimal operating procedure is selected based on pre-and intra-operative evaluations [37] [38] [39] [40] [41] , determination of suitable clinical parameters to predict the risk of regional lymph node metastasis and/or postoperative recurrence is needed. These parameters are also helpful when determining the appropriate postoperative adjuvant therapy. Although the number of samples is limited, the calculated sensitivity (100%) and negative predictive value of high expression of ERβ for regional lymph node metastasis and/or postoperative recurrence are very promising. In the population with high ERβ expression, the positive rates of regional lymph node metastasis and/or postoperative recurrence were 61.1% in the p53-positive group and 21.9% in the p53-negative group (Table 4) . In this regard, double-positive expression of immunoreactive ERβ and p53 proteins may become an excellent clinical parameter to predict future risk since they can be examined prior to surgery using cancer tissue samples obtained through pre-operative endometrial biopsy.
Some reports have described the relationships between ERβ and p53 at the molecular level. Indeed, studies have shown that ectopic expression of ERβ does not change the levels of p53 in MCF10A cells, indicating that ERβ has no direct effect on the expression of p53 in the context of the DNA damage response [42] . In contrast, other studies have reported that mutant p53 is strongly induced in p53-mutated colon cancer SW480 cells, whereas wild-type p53 is strongly downregulated in p53 wild-type colon cancer HCT116 cells in response to ERβ expression [43] . Introduction of ERβ results in retention of p53 in the nucleus and subsequently increases p53 transcriptional activity in p53 wild-type MCF7 cells [44] . Accordingly, the specific mechanisms mediating the functional interactions between ERβ and p53 remain unclear. Further clarification of the molecular relationships between ERβ and p53 could provide a rationale for our finding that the double-positive expression of immunoreactive ERβ and p53 proteins is closely associated with the incidence of regional lymph node metastasis and/or postoperative recurrence.
In conclusion, we showed that increased expression of ERβ and p53 proteins in endometrial endometrioid carcinoma was significantly correlated with the incidences of regional lymph node metastasis and postoperative recurrence. Moreover, we demonstrated that positive staining of immunoreactive p53 protein including the low positive ranges (10-49%) was more effective as a clinical parameter than analysis of TP53 gene mutations. Although the number of samples was small, the double-positive expression of immunoreactive ERβ and p53 proteins may become a promising clinical parameter to predict the risk of lymph node metastasis and postoperative relapse. Further clarification of the molecular relationship between ERβ and p53 may contribute to clarification of the mechanisms of endometrioid carcinoma progression and yield more useful tools to predict the risk of progression in the future.
